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imi (oooi)mv7T4Tmfc(otfLmzm\ 

iraftttfcjMWcflLh U i>oSnlffip£G a N 5: TX 

im&] ?yr4Tm&&Wi<0 (OOOl) ffl£<2 
1* 1* 0>^r|t)tt<«<0 1 1* 0>3rA(dRKIR 
ttrttBWBW&ikfcJ: 0 . fltfftt ( 0 0 0 1 ) BW 

?T4T)m&m4bi-&. mm (oood h5 

UrGaNxe?* •/■ f ;l^ B B B 2^f v77 



6 Kit 




v.* 



1 

im$m] (oooi) is-s:<2i* 1* oxw 

T\ l* tt±fc><-*>ftv*fc i£«i*1-&. )2n6]t>L 
<(i<oi i* o^mzmmuzmm^ti^y 
rirmmmmm < o o o i ) h±k. w.{t#o 

•7A (GaN) . miLTlH-VA. (A1N), S-flM 
yWA. (InN), £MtZtlt>cr>m.ibcr>P&.. n 

[ft*JH2] (0001)H£<21* 1« 0>^r(6)t> 
L<«<0 11* 0>1}falzWimit:ms$:ftt&V 

yTjTt6&m<mm\ (ooon m±iz, GaN 

A^7rl, pfBGaNl. nMGaNJltfftJfSivC 

[^*«3 ] WYA-m&&m.<» (oooi) ns^ta 
fmLtittmnmrnt. *c?)±.iz¥mm>&mi>L< 

U f^ltpSGaNf, niGaNlMILtP 
nffijtOG a NXf?4f S'?/l^£$lffitt£-*-*:Eg 

±IB-9-7r>f TtSWKic. (0001) ffl£<2 1* 
1* 0>*|6]tL<(±<01 1* 0>:fr|6]tgfcffi£fUt 

r >f rj£ B B B«ig£ffl^it,r turn 

fc^6^tt<7x'V0SjS*&. 
[M*«5] Jiga^A^'2- -10- co^-ftlfr 
T'S>aif^lt,L<«2t:iBKO^fl£'>x>'V £fc 
ttft#3t 3 i> L < tt 4 izWMcvmftV x' V0gi§}> 

[000 1] 

wv^mtnwfe-mttzmh . 

[0002] 

K&fcOSffi] GaN&tX-e^Mjl^^iSLE 
£. 

[0003] GaN. A 1 N. I nN|Jt7r^ T#t£ 
.PaOC -ffl, flP*> ( 0 0 0 1 ) H«0Mfflfc8fS$^JttB 

[0004] xf ^^^^yPfig^i±t^fflfi£^ J: 0 

frfcwuo**. mzim&mmx.v?*=/- <mo 

VPE) JB^flTH***. ft^StfSxt?* 

l>- (VPE) ffi. »e?Jf-/- (MBE) ffi 

[0005] MovPEffit-ti. mmoyyTjnm 



(2) *J8H Z 7-2 0 174 5 

2 

ku mm *a (tmg) tryt-r 

(NHs ) <D#.X£s£-f.r GaNOxe?* 

[0006] AIN^I nNcO^Ji, &*TMG<0ft 
"?(-h'J^f-;l'T^5- , 7A (TMA) ^MMf-zM 
ys^A (tmi) SrsKLTJfcft-fl.. 

[0007] fi!*. iJ-^r'fTffi^t, A t N«a 
NO 1 0 0 ~ 1 0 0 0 Ag£<0i5IS£ 6 0 0 rgJgOffli 

STj£*ti>. .iti* ioo oxm&iztmtxmm 

10 -e^^iaSTGaN^ft-rSClfctCiO. G 
aN«<O^K*<|6j±-ti.C:fc* ? ffi&$^Tt5 0. 

rsss#4 x i o 1 «~ 2 x i o 1 'cii-3 gjgco n s<ory 

H-7*GaNX^4f^^;Hg^* { #f>nTV^ (&*fl 
«1. 2) . 

[0008] «(Zn) ^ly+isVM. (M 
g) ^^PL^GaN^m^FI&T-HBJt^S-rSifc^ 

(mmi. 3) . ^sstt^x^-cT^-^-rs^ttc 

iO (4W310*4) 1X1 0"~6X1 0 18 cm- 3 cr)^l» 
Tm^cOp WG a Nxt^df y-wWS&j&s|§ £>*vC v> 

20 

[0009] 4^31^ 1 : r^jg^^cofc*^^ 
WPHSflL BBPiS. P5 1-58, 199 1^12flH 
ft (^xy^.7*-5Att) j 
&S1092 : S. NAKAMURA : J. J. A. P. V 
OL30, NolOA, 1991, ppL1705- L 

1707 

4tfm3 : S. NAKAMURA : J. J. A. P. V 
OL30, NolOA, 1991, ppL1708— L 
17 11 

30 4M3J0H4 : S. NAKAMURA : J. J. A. P. v 
ol31, (1992) PP1258—1 1266 P 
art 1, No. 5A 
[0010] 

[0011] tti. iSffig^nSGaN (ZZXmWUg. 
tittvVTWmn x 1 0 18 ca-3UUi2rV^3 ) itf^ 
*S"r;MSfttt. S i K-rSrfc'CJ: D^«#£>*lT 
40 ^iWfcWLT. «^gOpMGaNXt:?4fS^;H& 

X^O-7y (as grown) VttM&MtzMbtllt'CtZ 

[0012] *mmmi. mMamsi^miz^ 
xii£<*mix\ m®tx^%^ (oooi) 11-9-7 

r 4 TW&V?t.Zm^XM^tt?*i'*)Vfomw8l. 

&mmk&&mxmzz: 0 mmm^^x^ 
tz&izms 1. ®&£%ixmR<r)f$.miz^xm. 
so mtt^. mmzmz t *«H=srfli«iai± 



(3) 

3 

[0013] Lfcw^x*%wmmt. tfLmzim 

I nURt/Zil^bGaUO)^) 4>¥gffe9x/i&tf 
[00 14] 

«<o ( o o o l ) BS^iJrgHiWctrifiitffiitr^iiW^L 

(0001) ffiJt(cGaN^£xtr?3ri^;M£^£tf 

ox e ? * ^Hfef^fUS Lfc i> <r>xhh . 

[0015] ttblb. ^9]0¥*ffc'?x'NtiL ( 0 
00 1 ) ffi£<2 1* 1* 0>^r[fi]t»L<«<0 1 1* 
0 >HWz®m VkMm*tthV-7 r A Ttt&SK 

wWM&tooonaLLfc. jWbyy^A (Ga 

n ) . gftr/i/S --7A (AiN). wca yWJ* 20 

[0016] ttzi&tfM&mirtx'^ (000 

1)M£<21* 1* 0>:£T|6Jt>L<tt<0 1 1* 0> 

ffi*H 0 0 0 1 ) ffihfc* GaNA>7 7l, plGa 
nlG a N JtMRKBUI LT , Wfefc**'* *- 

[ 0 0 1 7 1 *fc . T&tm&pmv x'wmaftm 30 
-9-7 r >f rw&HBRm (oooi) rammi, 

[ 0 0 1 8 ] itz. 

JifcpMGaNl. nl!GaNJf£jfcftLTpnfitj£c7> 

^ft^x^KS^fcfcvvc, -t7r-frteSfflS 
fc. (0001) M2r<21* 1* 0>^T|6jt,U<{i< 40 
0 11* 0>*|6ltl8^L/itiS5:MiSfc^-9-7r>f 

[0 0 19] .Ifi£>¥#ft'7x>'\ &tf¥gtis«7x^c7) 
BWSfiCfe^T. flH»lftl&i2' -10- o>\vfti 

[0 0 20] l><7)X'hh. 
[0021] 

imi ®3>k<n (oooi) wt7r4 T^atttjfift 

*H&0l&ftH^£<$&U £*l#7VK-TGaN 50 
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[0022] ,r^<c>ofe H i^{ife B B B <7)xe^^^A';p 

t%Z-t>1x&. GaN/tf 
yrA TXm>Wt*7 r 4 TWSLt G a N 

Y/Uj&ft<Onttf>, 03 t^r «t 3 ( 0 0 0 1 ) 6f? 
7r-f rmtefafflSli^ (0001) B53 & 
G a Nxt^df^^^^H 2«fttt<OH<jC7C^?: L-^ 

[0 02 3] .IJlfcttLT, GaAsifiiWaAs 

xtr^df^^^Tli. xt^j/^Mfit-Pa 

[0 0 24] fuiiUtffii&JfcKA 1 

r^USfG a NA-y 7 r tt£ OZ»5Q«^S:{g3t-r 

- K fcf £ Z 1 6 . 
[0025] .I<9j£iT\ 0 1 tr^-TJ: 0 *3KBO« 
«« ( 0 0 0 1 ) is^7 r 4 r$£&£K4 £ffll^6 

k» fltffift (00 0 1 ) 95££<0>*f?76##& 

-fhtzth. ^WXT-yTSg5rB^it L^GaNxt^df 

[0026] Ltztf->X. Z.iX7Cjfcft&;:J:S &®3rG a 

i^piGaNiw^ ^ * a« A^vnuesHieft 

w>mm& zammtc uzTxyvrycvmx-® 

8&}*>tlh-~1j* nSGaNXh^df^^H^Oii 
[0027] 

m^ H B H»«±<7)f»ffi^jl5t A 1 . Ga^^^fW^ 

[0028] <mmmi> 

(ooodm^<2i* i* o>^ri«it:2* mvxm 
mwm Ltivy r 4 Tm&ikmLZM o v p e§iswr 

[0029]^, **^X*jFl*|fcatL'flr*»fe^-fer 
9 Ztof&lXWtf.Z 1 0 0 O^fiLhCltfRL . 1 O^JU 
±flM*Lfc. %VM. fflRSBKt6 0 0t:tU TMA 
t NH3 SrjFrtttSLT^*>«9)|.©jam^)A 1 NAy 
7 7J§£5 0nmjfcKU:. 

[0 03 0] -f-LT, TMA^jPrt^ott^Sr^^ * 
*kNH 3 2rS£L^44SSS-l OSCCCML * 
<Of^TMG2rfrt(Cg£UTGaN^5Ann jfcgLift. C 
OT> H-TGaNxt^^->-p;14gA^tg»^tt5r* 



5 

[003 1] &fc. SfcRl$<7>*JSt, NH 3 . TMG. T 
MAOSBJig-*, 1 0 1/mi iu 5 1/mi n s 3 
c c /m in, 0 . 8 c c /m i n X't) l> . 

[0032] <mtm2> 

(0001)ffi£<21* 1* 0>*W^5* Tklfl 0 

• «^-9-7r-fTS«5rfflv^llifi(5iIli:|5l^xt 

* * x-wH£JI£ fHffltefr =3: o fc b Z h . PHiSr* a- 'J 
TSS<OTyK-rGaNJg^A<#/i>tL^. df-v'JTjg 

[0033] <mmm3> 

(000 1) ffi£<0 1 1* 0>*[6l^2* .5*10 

[0034] <HifeWI4 >H{fc0« 1 "CfflVVfeA 1 N A-jr 
7 rJIcOttO fcG a 7 rJf£ 6 0 0TTC2 0 nm 

**u ^ffi^miiU6^ifc^<i5)t^ft-cr>' 

K-rGaNfeASAJtU:. TVK-rGaNxkr* 
^^H&SIO** 'JTjgSJinST'l X 1 0 15 cin-3g 

[00 3 5] <IHfeM5>««tnU. H2fcSr*-LE 
Dfflp n^GaNXU^df ^Wh^x^^-C*) 
S. (000 1) ffi£<2 1* 1* 0>^miC2* Mi 

tzmmmt-thWLim ( o o o 1 > m-fyr^ tjjms 

a««4 ^fflV^T P nlgJSOG a Nxe^4r^-V^M B B B 
7. 8. 9£MOVPEacfci9JfcgLfc. 

[0036] m&mi knmizms.4t: losort-* 

8£U£iagl£*G a NA' 7 y r Jl7 £ 2 5 nmjfcft L 
fc. NHs £gSL&#£>aS«i&g£ 10 3 0 

■UCJifrjTlc^fcTMGfcNHs th'Xy^a^yl 
<f-)V77*.is*)J*. (CP 2 Mg) SrSLTpMGaNJl 
8£2jun jfcHLfc. 

[0037] 9l*«*^RfcTMGi:NH3 k^7y 
(Si 2 He ) SrSEU nIGaNl9 2: 2>um JfcftL 
fc. **»NH3 fc^*a^4tf6ttA&ttaiL6 0 

ox:~8oox;(^o^icc*Si:NH3 »a»-o$ 

[0038] .I-IT. NH 3 . TMG, CP 2 M 

g« Si 2 Hs . N 2 <9&*tf)cEl(±. 201/mi 
n v 5 1/mi n, lcc/min. 2cc/mi n> 
lxl0- f cc/min, 2 0 1/mi nt'feS. 
[ 0 0 3 9 ] j££ LJtfePHtf)^ 'J TWim± nlGaN 
mWzsisyytzX&Si F-7T5X 10 19 cr 3 . P 
SGaNas^'TX^O^Vtt^T'l X 1 0 19 cm-3t-* 
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0. tttlx 10 18 cm- 3 ^je^.SJiS*^SV^^ 
'JTM^plGaNf, nlGaNKW;. 
[0040] <£NM6>Xtt0|50)&jt. fFflSS\ < 
21* 1* 0>*W^5* . 10* fc£*fSW:g«^ 

<on* o>wv^2* s 5- . io- tmwzgm. 

[0041] <ffi(7)^i6^>^t3. ttffiff (0001) 
10 A 1 N^G a NOfl&K I n N&tf ZtlL>C0M&*e>Ztlt> 

titt&mnmx*:* * s^jmsa**** . 

[0 04 2] ifc, xhf^df^;^^Ji. MOVP 
EcOffltM BE^77X?C VD&£'fi0£Cffi|££i££ 

[0043] 2£>e. vyr^rmnzRix^vziy 

H-jU MS i C) ^>'j3y39f5tifiJBv*Ga 

20 [0044] 

(1) ««JHlt:iSW)*»»9x/Nfc:J:fttf, feelXRS 

fl^VtfHHKfrG a N JUflWfc£*Xt ^S^-Wl' 

[ o o 4 5 1 (2) m$m2 izmicr>!mftv ^tzxti 
4. 

[ o o 4 6 1 o) 3 taBBo***^ *i\rm& 

m^izxtitf. v?t4 rm^izte&miayMte ^ 

[ o o 4 7 ] (4) H3CJH4 t^a^mwic^xVNtfim 

^rffitiixtf. TX^D->yco«®T«iBS«OpMGa 

[ o o 4 8 1 (5) mm5 i&a&mtie. xtax. tsffl 

SOfTSrG a Nat^aft^fexb-^Jf ^^/l^ H B B 2rll 
[0ffiOlSS*=5:ittnB3 

[01 ] *WH«¥»*^x/^«ai«*Ri5W-*fcA 

40 Ottfltt (000 1 ) H-t7r>f TS«±^GaNXf 

»L E Dffl p n£&G a NXt^^fv-v/l^ali^x^CO 

[03] ftjKO (0001 ) H-9-7r-fTS«LhOGa 
NX t ^^f ^^;14£ B B H WH<JDE^^- K 2r^-TS«^ 

[flF^i^BB] 

50 2 GaNxtr^Jfv-v^a 



(5) 



^¥7-2 0 174 5 



4 ««»(000 1)H^7T>fT»ISflaaR 

5 8MtlM0001)B 

6 77 



8 

8 pIGaNf 

9 nlGaNI 
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